Careful examination and monitoring of optic nerve head changes is essential in the treatment of patients with glaucoma. This often results in accumulation of numerous photographs and required appropriate storage space. A simple, inexpensive, and efficient means of storing and viewing stereoscopic optic nerve head photographs is described. Images were acquired with a fundus camera, on a color slide film. Slides were then scanned and digitized. A handheld stereoscope was used for stereoscopic viewing on a computer monitor. A scanning resolution of 300 dpi appeared optimal. At this resolution, the storage utilization was 16 kilobytes and the scanning time was 160 seconds per patient.
INTRODUCTION
Careful examination of the optic nerve head and monitoring changes in its appearance are essential in the treatment of patients with glaucoma. Recently, new objective quantitative optic nerve head and nerve fiber layer imaging techniques have been introduced as part of the diagnostic work-up and follow-up of these patients. However, for years documentation of optic nerve head appearance had been done by drawing or by meticulous study of serial stereophotographs. Several studies suggested that qualitative assessment of stereophotographs of the optic nerve head compares favorably with quantitative new imaging techniques in detecting glaucomatous damage. [1] [2] [3] Optic nerve head photography using a digital stereo camera combines the advantage of this old reliable method of optic nerve head evaluation with the ease of data storage on the computer. Studying the computer-simulated stereopsis with a stereo-viewer compares favorably with ophthalmoscopic and stereophotographic methods of assessment of the optic nerve head, in regard to both inter-observer and intra-observer repeatability. 4
However, a digital stereo camera is not available yet in many facilities, and the long-term follow-up of patients with glaucoma has resulted in accumulation of numerous optic nerve head photographs requiring appropriate office storage space. In this report, we describe a simple, inexpensive, and efficient means of storing and viewing stereoscopic optic nerve head photographs from digitized slides on a computer monitor.
REPORT
Stereoscopic optic nerve head images were acquired with a Nikon NF-505 fundus camera (Nikon Inc., Tokyo, Japan). All photographs were taken on Kodak Ektachrome 100 professional color slide film (Kodak Ltd., Harrow, UK). A simple personal computer equipped with a scanner is required. We used a Pentium III with RAM memory of 65,000 kilobytes (Intel, Santa Clara, CA). The slides were scanned and digitized in Joint Photographic Experts Group (JPEG) high-resolution format using an HP S20 PhotoSmart scanner with HP S20 PhotoSmart scanning software, in 24-bit color (Hewlett Packard, Palo Alto, CA). Microsoft Windows 2000 equipped with Office and PowerPoint software (Microsoft Corporation, Redmond, WA) was used for the presentation of the optic nerve head stereophotographs. For stereoscopic viewing of the optic nerve head on the computer monitor, we used the Screen-Vu Stereoscope (Eyesupply USA, Inc., Tampa, FL).
The steps required for transforming the 3-D slides for stereoviewing on the computer monitor are summarized in Table 1 . A scanning resolution of 300 dpi appeared optimal. At this resolution, the storage utilization of disc stereophotographs was 16 kilobytes, and the scanning time was 160 seconds per patient. Higher levels of resolution considerably increased the length of the procedure and the memory capacities required, while not adding much to the quality of the image. The size of the acquired photograph files varied considerably with the different storage formats (Table 2) .
Prescanning time was between 14.5 and 16 seconds (Table 3) . Once scanned, each pair of optic nerve head images was copied into a PowerPoint file. Horizontal and vertical alignment of the optic nerve head pair was then performed, and the images were magnified. A 75% enlargement of the initial scanned optic nerve head can often be achieved.
The method of observing the optic nerve head photographs on the monitor with the Screen-Vu Stereoscope is presented in the figure, and its steps elaborated in Table 4 . Measuring the vertical and horizontal cup/disc (C/D) ratio is easily and accurately achieved with the "line" from the drawing tools of the Power-Point program, with the aid of the screen tool ruler. The ratio can then be easily calculated.
DISCUSSION
Aside from providing excellent viewing of the disc, this simple method allowed efficient storage of patients' optic nerve head photographs and saved on office space. In addition, the technique facilitated measurement of the C/D ratio and seemed to improve skills of assessing the C/D ratios. The advantages of this technique for viewing optic nerve head photographs are elaborated in Table 5 .
With the current trend of computerization of patients' files in many clinics, storage of optic nerve head photographs as part of the patient's file is necessary. Jamara et al. found a slight difference in estimations of C/D ratios between color slides and computer monitor photograph images (61.1% for slides vs 63.7% for monitor). 5
The issue of inter-observer variability in evaluating the optic nerve head has been frequently addressed. 6-9 The ability of measuring the C/D ratio while stereoviewing it is an important tool for self-training, and may reduce inter-observer variability.
Storage of old optic nerve head photographs in a high capacity glaucoma clinic is space consuming. When scanned with a resolution of 300 dpi, each optic nerve head stereophotograph uses approximately 4kilobytes of storage capacity. Thus, 16 kilobytes are required for each patient. Using a floppy disk that offers 1.44 megabytes of storage capacity, we can store stereophotographs of approximately 85 examinations of the same patient. It could be kept by the patient and brought with him or her regularly for follow-ups. Storing photographs on rewriteable compact discs is also a reasonable option.
Image quality and stereoscopic quality might be reduced in digitally compressed stereoscopic fundus images. Lee et al. 10 found that overall quality of high-compression (80:1) JPEG images and images digitized at 500 dpi was markedly reduced for fine 3-D structures in images with choroidal neovascularization. However, even high-compression JPEG images (80:1) conveyed a stereoscopic quality highly similar to that perceived from inspection of the original fundus photographs, especially for slowly varying 3-D features such as the optic nerve head.
Beauregard et al. 11 studied the effect of compression on the evaluation of the optic nerve head C/D ratio. They studied 302 non-stereo 35-mm slides with uncompressed Tagged Image File Format (TIFF) format and compressed JPEG format (60:1) and suggested that although digital images were less accurate than slides, compression up to 40:1 did not make a difference, whereas higher compression led to underestimation of the C/D ratio by 20%. However, in their study the evaluation was done on non-stereo images. Viewing of digitized stereo 35-mm slides may improve results.
Digitizing colored 35-mm slide photographs is necessary. However, when studying digitized compressed colored fundus slides, the ophthalmologist should bear in mind that it is suboptimal for fine stereoscopic details. A further study comparing digitized to non-digitized stereophotographs of the optic nerve head has yet to be performed.
Converting the optic nerve head slides into the digitized form introduces the possibility of consultation with distant glaucoma experts through the Internet. This method enables both the consultant and the treating opthalmologist to perceive the same optic nerve head photographs stereoscopically.
We have proposed a simple, inexpensive, and efficient way for storing patients' optic nerve head photographs and viewing them in 3-D on the monitor of an office personal computer. With the increasing trend of creating computer files for patients, optic nerve head photographs should be an integral part of the files and viewed in this convenient method. Optic nerve head viewing on the personal computer monitor with the aid of the Screen-Vu Stereoscope (Eyesupply USA, Inc., Tampa, FL).
TABLE 1
Steps for Scanning 3-D Slides for Computer Monitor Stereoviewing 1. A slide frame limiter is positioned on the prior to the initiation of scanning. The slide scanned with or without a frame. 2. All slides are scanned face down on the scanner. Each slide is scanned separately (newer scanner models are available that may prescan slides simultaneously). 3. A pair of stereoscopic slides is scanned eye. 4. The "ruler" tool of the HP PhotoSmart S20 software is used to mark similar areas of the prescanned images prior to the final scanning so that equal areas are scanned on each pair of slides. 5. Each picture is transferred separately to screen. 6. The pair of scanned images is positioned the screen so that the slide marked as positioned on the right hand side of the just as it would have been positioned on slide stereoviewer.
HP PhotoSmart S20 software is manufactured by Hewlett Packard, Palo Alto, CA. Steps for Observation of Stereoscopic Disc Photographs With the Screen-Vu Stereoscope
